We present Fe, Si, and Ca abundances for 61 giants in Plaut's Window (l=-1
INTRODUCTION
The advent of multifiber spectroscopy has enabled large scale surveys of abundances and kinematics of stars in the Galactic bulge. The Bulge Radial Velocity Assay (BRAVA) has explored the kinematics of M giants over the inner kpc and found the dynamics to be consistent with a rapidly rotating N-body bar that leaves little room for a classical bulge component (Shen et al. 2010 ). These observations would argue for a relatively simple picture. However, the large scale metallicity survey by Zoccali et al. (2008) finds an abundance gradient in the outer bulge. Nominally, this would be inconsistent with a purely dynamical process such as the buckling of a massive disk, as proposed by Shen et al. (2010) . Furthermore, Babusiaux et al. (2010) find that the metal-rich population appears to be more concentrated toward the plane, and that these stars also exhibit a larger velocity dispersion. Observations in multiple bulge fields will be required to sort out this complicated picture.
The distance, differential reddening, and complex populations make it difficult to quantify the internal age dispersion of the bulge. Recent studies by Zoccali et al. (2003) , using a statistical disk subtraction method, and Clarkson et al. (2008) , using the proper motion separation method of Kuijken & Rich (2002) , argue that the bulge is >90% dominated by a stellar population comparable in age to the inner halo globular clusters. A trace population of stars brighter than the old main sequence turnoff is interpreted to be a foreground population by Feltzing & Gilmore (2000) . Subsequent studies confirm this to be the foreground disk based on proper motions (Kuijken & Rich 2002 ) and based on subtraction of an equivalent foreground disk population (Zoccali et al. 2003) .
The evidence for early, rapid formation is also supported by the detailed chemical abundances. McWilliam & Rich (1994) , followed by subsequent studies (Rich & Origlia 2005; Cunha & Smith 2006; Fulbright et al. 2007 ; Lecureur et al. 2007; Rich et al. 2007; AlvesBrito et al. 2010; Bensby et al. 2010) , found evidence that multiple α elements are enhanced in bulge stars. This is consistent with early, rapid enrichment from Type II supernovae (SNe; e.g., Ballero et al. 2007 ). However, it is not clear whether the α enhancement is present only in the inner bulge, or is found over a larger volume. Shen et al. (2010) argue that there is a kinematic unity of the bulge extending from 300 to 1000 pc -essentially the entire optical bulge. Models of the deprojected photometry of the bulge are consistent with a peanut-shaped bulge dominated by a bar with its major axis aligned at ∼20
• from the Galactic Center.
Although there is a kinematic unity to the bulge, the picture from abundances is complex. The observed metallicity gradient requires that the enrichment history of the bulge varied as a function of location. Extragalactic analogs of the Milky Way, like NGC 4565, also have well established metallicity gradients (e.g., Proctor et al. 2000) . NGC 4565 has a peanut-shaped pseudobulge that is rotationally supported like the Milky Way bulge. To date, large sample studies have not addressed whether the α enhancement observed in Baade's Window (e.g., McWilliam & Rich 1994 ) and inner bulge fields ) is also characteristic across the entire bulge, including the outer bulge fields at >1 kpc. However, we note that Lecureur et al. (2007) analyzed 5 stars at b=-12
• (∼1.7 kpc below the Galactic plane) and did not find a change in the abundance patterns of [O/Fe] 1 or [Mg/Fe], compared to Baade's Window.
Here we report a new analysis of 92 stars toward Plaut's low extinction window (l=0
• , b=-8
• ), obtained using the Hydra multifiber spectrograph on the CTIO Blanco 4m telescope, in the echelle mode. We find that this minor axis field located roughly 1 kpc from the nucleus shows a marked decline in mean metallicity compared to the b=-4
• field of Baade's Window. However, α elements are enhanced as they are in Baade's Window; this argues for a common enrichment history of early, rapid formation over the full volume of the bulge extending to 1 kpc. The metallicity decline is present at the same latitude where the bulge is demonstrated to show cylindrical rotation (Howard et al. 2009; Shen et al. 2010 ).
The Galactic bulge at b=-8
• is in a transition from the inner bulge into the halo. Although Zoccali et al. (2008) shows that there is a modest metallicity gradient from b=-4
• to b=-6
• , the same study finds dramatically lower abundances at b=-12
• , but the possibility of disk contamination at this latitude is also greater. It is clear that the b=-8
• field is an important missing link in defining the bulge metallicity gradient. Additionally, the M giants in this field have been shown by the BRAVA project to participate in the dynamics of the bar. We recall also that Howard et al. (2008) find no evidence for kinematic subpopulations in the radial velocity (RV) distribution of M giants, in these fields. The present dataset enables us to explore how dynamics depend on chemical composition, albeit for a more modest sample.
SPECTROSCOPIC OBSERVATIONS AND REDUCTIONS
The spectra for this project were obtained at Cerro Tololo Inter-American Observatory (CTIO) using the Blanco 4m telescope and Hydra multifiber spectrograph. The observations covered two separate runs spanning 2006 May 27-28 and 2007 May 19-23 , and targeted the approximate spectral regions of 6000-6250, 6150-6400, 6500-6800, and 7650-7950Å. All spectrograph setups employed the "large" 300 µm (2 ′′ ) fibers, 400 mm Bench Schmidt camera, 316 line mm −1 Echelle grating, and 100 µm slit plate to achieve a resolving power of R(λ/∆λ)≈25,000. These spectrograph setups allow for abundance determinations of several light odd-Z, α, Fe-peak, and neutron-capture elements. However, the focus of this paper is on iron and the heavier α elements silicon and calcium. The remaining elemental abundances will be published in a forthcoming paper.
Two separate fields were targeted in Plaut's low-extinction window near the bulge minor axis at (l,b)=(0
. Unfortunately, the 6100-6200Å region, which contains most of the useful silicon and calcium lines relevant here, was only observed for the (l=-1
• ,b-8.5
• ) field. The optical photometry for this project was obtained from observations at the Las Campanas Swope 40 inch telescope (see §3), and the infrared photometry was obtained from the Two Micron All Sky Survey Database (2MASS; Skrutskie et al. 2006 ).
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The observing program targeted stars with V magnitudes between approximately 12.5 and 15.0 (9.5 to 12.0 in K s ), and a B-V color range from about 1.0 to 3.0 (0.6 to 1.1 in J-K s ). The observed stars for each field are shown in Figure 1 .
Although we attempted to obtain an unbiased sample spanning the full color breadth of the bulge red giant branch (RGB), the final data set for each field unfortunately misses the reddest RGB stars. However, the depth along the bulge minor axis line-of-sight provides some protection against a strong metallicity bias, and a simple calculation (see §6.1) suggests our RGB sample is probably not too severely biased. Note that we have also observed 23 stars, included in the total sample of 92 stars, along the vertical sequence blueward of the RGB (filled cyan circles in Figure 1 ). We suspect these are foreground red clump stars that may belong to the inner Galactic disk population (see also §6).
All data reduction was carried out using standard tasks provided in IRAF.
3 Overscan trimming and bias subtraction were applied using the ccdproc IRAF routine. The majority of the raw data reduction, including fiber tracing, scattered light removal, flat-field correction, wavelength calibration with ThAr comparison spectra, cosmic ray removal, background sky subtraction, and object spectrum extraction, was performed via the dohydra task. In all cases the reduced spectra were continuum flattened, corrected for telluric contamination, and combined. The final, co-added spectra ranged in signal-to-noise (S/N) from ∼50-100 per pixel.
PHOTOMETRIC OBSERVATIONS AND REDUCTIONS
A set of B, V and I images for both bulge fields analyzed here spectroscopically were obtained at the Las Campanas Observatory in August 2002. We used the optical imager mounted at the Swope 40 inch telescope and equipped with the SITe#3 detector. The detector is characterized by a 0.435 ′′ pixel size, which provides a total field of view of 14.8 ′ × 22.8 ′ . Typical exposure times for individual images were 240, 120, and 60 seconds in the B, V, and I bands, respectively. During the observations the average seeing was ∼1-1.5
All of the raw frames have been bias and flat-field corrected by means of standard IRAF routines, using a set of sky flat-fields taken during the same night. The PSF-fitting procedure was performed independently on each image using the ALLSTAR/DAOPHOTII package (Stetson 1987) . A reasonable estimate of the internal photometric accuracy (σ B ∼ σ V ∼ σ I ∼ 0.03 mag) has been obtained from the frame-to-frame rms scatter of multiple star measurements. Aperture photometry with the PHOT/DAOPHOTII routine was performed on a large sample of isolated bright stars across each frame in order to correct the PSF singleband catalogs. These have been corrected for exposure time and airmass. In particular, the atmospheric extinction coefficients were directly derived by repeated observation of Landolt (1992) standard fields at different airmasses. A final catalog listing the instrumental B, V, and I magnitudes was generated by cross-correlating the single-band catalogs, and the absolute calibration was obtained from several repeat observations of the same standard fields, finding negligible color terms. We estimate an overall uncertainty of ±0.05 mag in the zero-point calibration for all the three bands.
The optical catalog was then combined with the J, H, and K s photometry from 2MASS. This was performed in order to transform the star positions onto the 2MASS coordinate system, and provided rms residuals of ∼0.2 ′′ in both right ascension and declination.
SPECTROSCOPIC ANALYSIS

Model Stellar Atmospheres
The data analysis process mostly followed the procedures outlined in Fulbright et al. (2006; 2007) and Johnson & Pilachowski (2010) . To briefly summarize, effective temperature (T eff ) and surface gravity (log g) estimates were calculated primarily from V and K s band photometry, and the metallicity ([Fe/H]) and microturbulence (V t ) parameters were determined spectroscopically. These values were used to generate suitable one-dimensional model atmospheres (without convective overshoot) through interpolation within the α-rich 4 ODFNEW ATLAS9 grid (Castelli et al. 1997) .
5 Specifically, effective temperatures were calculated from the V-K color-temperature relation in Alonso et al. (1999; 2001) , and surface gravities were calculated through the standard relation,
with an assumed stellar mass of 0.80 M ⊙ and distance of 8 kpc. The model atmosphere metallicity values were initially set at [Fe/H]=-0.3, and then iteratively adjusted to match the derived [Fe/H] ratio from the equivalent width (EW) analysis. Similarly, the microturbulent velocity was set at 2 km s −1 for all stars, and then improved following the method outlined in Magain (1984) that removes trends in Fe I abundance with line strength.
Although the average color excess in Plaut's field is E(B-V)≈0.2, differential reddening exists at about the 15% level across Hydra's 40 ′ field. Therefore, target stars were individually dereddened using the NASA/IPAC Extragalactic Database Galactic Extinction Calculator 6 , which is based on the Schlegel et al. (1998) infrared maps.
Interestingly, the photometric surface gravity estimates for stars populating the vertical blue sequence seen in Figure 1 appeared too low compared to the cooler stars clearly populating the RGB. This surface gravity discrepancy suggests either that the bluer stars are closer to the Sun than 8 kpc or that a problem exists with the bolometric magnitude calculation. Therefore, we used equation 1 to compare the surface gravity values obtained when using the V magnitude bolometric correction from Alonso et al. (1999) and the K magnitude bolometric correction from Buzzoni et al. (2010) . Although the bolometric magnitudes calculated from the K band will be less sensitive to reddening uncertainties, we found that the difference between the two surface gravity estimates was <0.05 dex. We interpret this result as evidence supporting the idea that the bluest stars in our sample are foreground red clump stars located ∼2-4 kpc from the Sun 7 . For these stars we adopted appropriate log g values from the Padova stellar evolutionary tracks , and also used the pressure sensitive 6162Å Ca I line as a secondary guide (e.g., see Figures 2-3). Final model atmosphere parameters for all stars are provided in Table 1 .
Abundance Determinations
The abundance measurement procedures for both the EW and spectrum synthesis analyses generally followed the methods outlined in Fulbright et al. (2006; 2007) and Johnson & Pilachowski (2010) . Specifically, Fe I abundances were derived from a standard EW analysis where line profiles were fit with either a single Gaussian or deblended using multiple Gaussians via the interactive EW fitting code developed for Johnson et al. (2008) . The Fe I line list was taken from Fulbright et al. (2006) in the available wavelength windows listed in §2 (∼25-30 lines on average). However, the individual log gf values were redetermined by forcing the EWs measured in the Arcturus atlas (Hinkle et al. 2000 8 ) to match the [Fe/H]=-0.51 ratio derived by Fulbright et al. (2006) , using the same Arcturus atmospheric parameters and α-rich ODFNEW ATLAS9 model atmosphere. The final [Fe/H] abundances listed in Table 1 were determined using the derived EWs, Arcturus-based line list, and the abfind driver in the LTE line analysis code MOOG (Sneden 1973 ).
The neutral Si and Ca abundances reported here were derived from full spectrum synthe-7 Note that the distance estimate comes from comparing the photometric surface gravities with the theoretical gravities provided by the Padova evolutionary tracks. Note also that the few designated RGB stars lying blueward of the color cut-off in Figure 1 were relatively metal-poor, and a comparison between their photometric and "expected" surface gravities, based on the Padova tracks, suggested they were at a distance of ∼8 kpc. 8 The Arcturus atlas can be downloaded at: http://www.noao.edu/archives.html. sis of the 6000-6250Å region using the synth driver in MOOG. Sample synthetic spectrum fits to a few Si and Ca lines in metal-poor and metal-rich stars of similar T eff are shown in Figure 2 for the bulge RGB sample and Figure 3 for the foreground red clump stars. Although a few additional Si and Ca lines are available in the other wavelength regions listed in §2, the 6000-6250Å region spectra had significantly higher S/N. Unfortunately, only "Field 1" listed in Table 1 (Fulbright et al. 2007 ). Additionally, the log gf values of nearby metal lines were adjusted to match the Arcturus spectrum, using the abundances provided in Fulbright et al. (2007) . Since C and N abundances were not published in Fulbright et al. (2007) , we used the [C/Fe] and [N/Fe] ratios from Peterson et al. (1993) in order to set the log gf values for CN lines.
As a consistency check, we tested the effects of normalizing the log gf values to the solar spectrum and the metal-rich ([Fe/H]≈+0.35; Gratton & Sneden 1990 ) giant µ Leo, which was obtained from the ELODIE archive (Moultaka et al. 2004) 9 . When comparing the abundances derived from the Arcturus based log gf values to those derived from the solar based log gf values, we found a typical systematic offsets of ∼0.05, 0.05, and 0.10 dex for log ǫ(Fe), log ǫ(Si), and log ǫ(Ca), respectively. Similarly, the systematic offsets when comparing the Arcturus and µ Leo based log gf scales were approximately 0.03, 0.05, and 0.10 dex for log ǫ(F e), log ǫ(Si), and log ǫ(Ca), respectively. In both cases the [Ca/Fe] ratios experienced larger changes than [Si/Fe] when transforming among the three abundance scales, presumably because of the significantly larger EWs of the available Ca I lines.
Abundance Error Estimates
In Table 2 we provide the calculated random (σ Rand. ) and systematic (σ Sys. ) errors for all elements analyzed in each star. The random error is defined here as the line-to-line dispersion in the derived log ǫ(X) values for each element. As mentioned above, the log ǫ(Fe) abundances were typically based on ∼30 Fe I lines, and the log ǫ(Si) and log ǫ(Ca) abundances were based on ∼3-5 lines each. The average σ Rand. values for Fe, Si, and Ca are 0.16±0.05, 0.07±0.05, and 0.09±0.05 dex, respectively.
The systematic errors were calculated following the procedure outlined in Fulbright et al.
9 Based on spectral data retrieved from the ELODIE archive at Observatoire de Haute-Provence (OHP).
(2007; see also McWilliam et al. 1995) , and were determined using an estimated uncertainty of T eff ±50 K, log g±0.1 cgs, [M/H]±0.16 dex, and V t ±0.3 km s −1 . The T eff uncertainty represents the average change in our derived photometric temperatures if we assume a change in E(B-V) of ±15%, which is equal to the E(B-V) dispersion across our Hydra fields. The surface gravity uncertainty represents the approximate change in the derived log (g) values if the assumed distance changes by +/-1 kpc. The model [M/H] uncertainty is taken from the average line-to-line dispersion in [Fe/H] , and the microturbulence uncertainty was chosen by examining the spread in derived V t values for stars of similar T eff , log g, and [Fe/H]. The average σ Sys. values for Fe, Si, and Ca are 0.08±0.02, 0.09±0.02, and 0.08±0.01, respectively. Note that the systematic uncertainty listed in Table 2 does not include the effects of normalizing the log gf values to either the solar or µ Leo abundance scales.
A secondary issue that could affect the foreground red clump stars is whether the reddening values derived from the Schlegel et al. (1998) map are appropriate. It is possible that the estimated reddening for these stars could be systematically too large, which would lead to photometric T eff estimates, and consequently log g and [Fe/H] values, that are too high. Kunder et al. (2008) estimated an average E(B-V)≈0.2 in Plaut's window from observations of bulge RR Lyrae stars, and they found a full range in color excess that spans approximately E(B-V)=0.1-0.3. If we take E(B-V)=0.1 as a reasonable estimate of the minimum color excess along the Plaut field line-of-sight and assign this value to each clump star then the average corresponding change to the photometric T eff estimate is about -150 K (σ=50 K).
In Figure 4 we show plots of log ǫ(Fe)-log ǫ(Fe) versus excitation potential for all lines measured in all of the red clump stars, using our adopted T eff values and a scale adjusted by -150 K. Ideally, plots such as Figure 4 should exhibit no slope if the adopted temperatures are correct, and the trend seen when using our adopted temperature scale indicates the red clump T eff values employed here are suitable. It is clear that systematically lowering the temperatures by 150 K produces a significantly non-zero slope, and thus supports our claim that the Schlegel et al. (1998) reddening values are an appropriate choice for the red clump stars. Note that we can also reject the idea that the red clump stars are significantly less reddened from simple geometry. We estimate these stars to be located ∼2-4 kpc from the Sun and thus ∼300-600 pc below the Galactic plane. However, it is likely that most of the line-of-sight dust is contained within roughly ±100 pc of the Galactic plane (e.g., Marshall et al. 2008) . This suggests that the majority of the line-of-sight reddening occurs in front of the red clump stars, and therefore both the bulge and foreground red clump stars should experience similar amounts of reddening.
Radial Velocity Determinations
Radial velocity measurements were performed using the IRAF task fxcor to calculate the Fourier cross-correlation and rvcor to calculate the heliocentric correction. All program stars were measured against the same high resolution, high S/N Arcturus atlas used in the abundance analysis, but the Arcturus template spectrum was smoothed and rebinned to match Hydra's resolution. The radial velocities were determined from the 6150-6400Å window because it contains a large number of absorption lines and was observed for all target stars. The final radial velocities for each star are listed in Table 1 , and typical measurement uncertainties reported by fxcor are ∼1 km s −1 .
PHOTOMETRIC ABUNDANCE ANALYSIS
Although we obtained optical photometry for both bulge fields, here we only provide a photometric abundance analysis for a field centered at (l,b)=(-0.89
• ,-8.45
• ), which includes stars in the spectroscopic field centered at (l,b)=(-1
• ,-8.5
• ). In order to derive a metallicity distribution function for this field we have adopted an approach similar to that described in Bellazzini et al. (2003) . We compared the observed color-magnitude diagram with the empirical grid of cluster RGB ridge lines in the [M k , (V-K) 0 ] plane, which were carefully selected from the sample of Valenti et al. (2004a) to cover a wide metallicity range. A photometric metallicity estimate for each star is then obtained from its color by interpolating within the grid of RGB templates.
The top panel of Figure 5 shows the result of the transformation of the observed color-magnitude diagram into the absolute plane. We adopted a distance modulus of (m-M) 0 =14.47, as measured by McNamara et al. (2000) using the RR Lyrae and δ Scuti variables in the Optical Gravitational Lensing Experiment (OGLE) survey, and a reddening E(B-V)=0.20, obtained by averaging the most recent extinction estimates across the Bulge (e.g., Schlegel et al. 1998; Popowski et al. 2003) . The top panel of Figure 5 also includes the grid of RGB fiducial ridge lines adopted from Valenti et al. (2004a) , along with the corresponding metallicity. For empirical templates we selected the Galactic globular clusters M 92, NGC 6752, NGC 288, 47 Tuc, NGC 6440, NGC 6528, and the old open cluster NGC 6791, in order to cover the widest metallicity range with suitably fine steps. In particular, NGC 6791 is currently believed to be one of the most massive (>4000 M ⊙ ; Kaluzny & Uldaski 1992), metal-rich ([Fe/H]∼+0.35; Origlia et al. 2006) , and oldest (∼6-12 Gyr; Kaluzny & Uldaski 1992; Carney et al. 2005 ) open clusters in the Galaxy. This makes NGC 6791 an ideal template for the super-solar metallicity regime, and permitted full coverage from -2.16≤[Fe/H]≤+0.35 while avoiding major extrapolation beyond solar metallicity.
Unfortunately, the properties of the final metallicity distribution derived from similar procedures to the one used here can be sensitive to the choice of the template RGB grid used in the analysis. All previous studies deriving metallicity distribution functions from RGB colors have employed their own custom-made recipe and reference grid. Some authors adopt purely empirical, or alternatively purely theoretical grids, while others have adopted a mixture of both, using globular cluster data to set the zero-point of a given set of theoretical models or adding suitable calibrated isochrones to empirical templates in order to cover the missing metallicity range. Although the main results are probably independent of these choices, there is little doubt that the shape and other properties of the derived metallicity distribution functions are strongly affected by the details of the analysis, especially in the high metallicity regime. Here we use a pure empirical approach, and the accuracy of our results depend mainly on observable quantities (e.g., photometric and spectroscopic data; reddening estimates), whose errors can be understood and minimized to some extent. The use of theoretical models would be easier and more precise in principle, as the grid can be uniformly sampled. However, theoretical models still lack a proper calibration with suitable empirical templates at super-solar metallicities.
In this work the metallicity distribution function has been computed for stars within the dashed box shown in the top panel of Figure 5 . We determined the luminosity and color limits primarily to avoid contamination, but also note that the RGB-tip region is more sensitive to [Fe/H] differences than the lower RGB. A lower luminosity limit was set at M K ≤ 4.5 in order to retain the region of the RGB with the highest sensitivity to metallicity variations and to avoid contamination by red clump stars. This choice also avoids the inclusion of asymptotic giant branch (AGB) clump stars, which are predicted to lie at M K ∼-2.7 (Salasnish et al. 2000; Pietrinferni et al. 2004) . In this way, the most populated region of the AGB is excluded and we can be confident that only a marginal fraction of AGB stars may contaminate our sample. The upper luminosity limit was set at the RGB-tip, as derived by Valenti et al. (2004b) , to avoid the inclusion of possible bright AGB stars belonging to younger populations. Finally, the blue color limit was set at (V-K) 0 ≥2.8 to further minimize contamination from AGB and younger stars. The final metallicity distribution function for the observed field, based on 90 stars, is shown in the bottom panel of Figure 5 .
RESULTS AND DISCUSSION
Spectroscopic Metallicity and Radial Velocity Distributions
Although the bulge has long been known to exhibit a broad metallicity range (e.g., Nassau & Blanco 1958) , the Zoccali et al. (2008) study was the first to quantify the shape of the metallicity distribution function at multiple Galactic latitudes with high resolution spectroscopy. Their analysis showed that, at least along the minor axis beyond b=-4
• , a radial metallicity gradient was present such that the average composition decreased from [Fe/H]≈0 at b=-4
• to [Fe/H]≈-0.3 at b=-12
• . Figure 6 shows our derived metallicity distribution function in relation to the Zoccali et al. (2008) sample. The new Plaut field data confirm the existence of a minor axis metallicity gradient. We find that the median metallicity of all stars (including RGB and clump) at b=-8
• is approximately a factor of two lower ([Fe/H]=-0.28) than the median metallicity of Baade's window (b=-4
• ; [Fe/H]=+0.04), and is also >0.1 dex lower than the median metallicity at b=-6
• ([Fe/H]=-0.17). The discrepancy is slightly larger if only the stars lying along the bulge RGB in Figure 1 are included. This decreases the median metallicity in Plaut's field to [Fe/H]=-0.40. Interestingly, the median metallicity at b=-12
• ([Fe/H]=-0.28) is essentially the same as, or even slightly higher than, the Plaut field metallicity. This may suggest that the composition gradient levels off or becomes more shallow along the minor axis at distances 1 kpc from the Galactic center.
As mentioned in §2 and evident in Figure 1 there is likely an observational bias in our derived metallicity distribution functions. Although the distribution functions are quite similar between the two target fields (see Figure 6 ), neither case samples the full color range of the bulge RGB. However, the combined RGB sample shown in Figure 6 exhibits a full [Fe/H] range of ∼-1.5 to +0.3, which is nearly identical to previous bulge observations (e.g., Rich et al. 1988; Zoccali et al. 2008) . Furthermore, simply dividing the RGB samples in half by (J-K s ) o color reveals that the average and median [Fe/H] differences are <0.10 dex between the redder and bluer stars. Note that the same result is found if instead one divides the samples by fitting a line through the observed RGB stars on the colormagnitude diagram and compares the average and median [Fe/H] ratios for stars lying above (brighter and bluer) and below (dimmer and redder) the best-fit line. We also show in Figure 6 that the derived metallicity distribution function is qualitatively in agreement with the simple, one-zone closed box enrichment model (e.g., Mould 1984; Rich 1990) , which has been shown to be true in other bulge fields as well (e.g., Zoccali et al. 2003; . While these observations suggest that our sample is not seriously biased toward the metalpoor end, it is likely that the most metal-rich stars are slightly underrepresented here. In Figure 7 we directly compare the metallicity distribution functions derived from spectroscopy (limited color range) and photometry (full color range) and find that both distributions In Figure 8 we plot both the raw radial velocity distributions at b=-8
• and the radial velocity dispersions binned by [Fe/H] in 0.5 dex increments. We also include the metallicity binned velocity dispersion data from Babusiaux et al. (2010) , which provide data at b=-4
• , -6
• , and -12
• . The median radial velocities and velocity dispersions measured here are in reasonable agreement with the BRAVA M giant analysis of Plaut's field (Howard et al. 2009 ). If all stars in our sample are included then the median radial velocity is RV=+2 km s −1 (σ=89 km s −1 ), which is similar to the BRAVA results of V GC ≈-20 km s −1 (σ≈90 km s −1 ). However, if only the bulge RGB stars are included then both the median radial velocity and dispersion increase to RV=+9 km s −1 (σ=101 km s −1 ). Fortunately, the choice of whether to include the red clump stars, which exhibit a much lower velocity dispersion (σ=33 km s −1 ; see Figure 8 ) has little effect on the general shape of the Plaut field velocity dispersion profile as a function of [Fe/H].
In either case there is a clear decrease in velocity dispersion with increasing metallicity. This is similar to what Babusiaux et al. (2010) found at b=-12
• , but appears quite different from the b=-6
• field, which exhibits no correlation with metallicity, and especially the b=-4
• field where the most metal-rich stars appear to have the highest velocity dispersion. Furthermore, the velocity dispersions found here and in the BRAVA survey are at least 20-40 km s −1 larger than those predicted by the Zhao (1996) and Fux (1999) models, but the difference is <20 km s −1 compared with the recent Shen et al. (2010) model. We caution the reader that the most metal-poor and metal-rich bins in our dataset contain <10 stars each, and additional observations may alter the velocity dispersion profile. However, if the metallicity dependent velocity dispersion trends seen in the b=-8
• and -12
• fields are robust then we might expect the inclusion of more metal-rich stars to lower the overall observed velocity dispersion to be in better agreement with model predictions.
In addition to the 69 RGB stars we also serendipitously observed 23 stars that appear to be mostly well separated in color from the bulge giant branch (see Figure 1) . Similar stars along this vertical blue sequence in other bulge fields have been tentatively identified as disk red clump stars (e.g., Zoccali et al. 2003; Vieira et al. 2007; Rangwala et al. 2009) , and the Besancon model 10 (Robin et al. 2003; indicates that these stars should be mostly intermediate age (∼2-7 Gyr) thin disk stars with a median [Fe/H]∼+0.1, which is comparable to our derived [Fe/H]=+0.05. In addition to being separated in color, these stars appear to have three interesting characteristics: (1) a similar median radial velocity to the RGB population but a velocity dispersion that is ∼3 times smaller, (2) a significantly higher median metallicity than the bulge and thick disk giants, and (3) noticeably enhanced [α/Fe] ratios (see §6.2).
It is possible that the smaller velocity dispersion of these red clump stars may be due to the small sample size, and a two sided Kolmogorov-Smirnov (KS) test (Press et al. 1992) between the RGB and clump populations is unable to strongly reject the null hypothesis that these two groups are drawn from the same parent distribution. To further test this we ran a simple bootstrap analysis with 10 6 trials that randomly selected 23 velocities from the RGB sample and measured the radial velocity dispersion. We found that there is approximately a 0.004% chance that 23 RGB stars chosen at random would produce a velocity dispersion less than or equal to the red clump dispersion (33 km s −1 ). However, this probability increases to ∼6% at the 2σ level (66 km s −1 ).
The metallicity distribution function appears somewhat less ambiguous. A two sided KS test rejects the null hypothesis that the RGB and clump [Fe/H] distributions were drawn from the same parent population at the 99% level. However, the same test does not rule out that the clump and thin disk stars may share similar RV and [Fe/H] distributions (see also §6.3). Future observations with large sample sizes will be needed to fully investigate the true nature of these clump stars.
Alpha Element Enhancement
The consistent overproduction of α elements relative to the solar α/Fe ratio in stellar populations is generally regarded as an indicator of rapid ( 2x10 7 years) chemical enrichment associated with Type II SNe (e.g., Tinsley 1979; Matteucci & Brocato 1990) . Furthermore, it is believed that the onset of Type Ia SNe, which occurs on timescales >5×10 8 years, drives the [α/Fe] ratio downward because of the copious production of Fe-peak elements (e.g., Yoshii et al. 1996; Nomoto et al. 1997) . While the downturn in the [α/Fe] trend occurs near [Fe/H]≈-1 for the thin disk (e.g., Bensby et al. 2003; Reddy et al. 2003; Brewer & Carney 2006) , the thick disk and bulge appear to retain α-enhanced stars up to [Fe/H]≈-0.3 (e.g., Fulbright et al. 2007; Alves-Brito 2010) . This suggests that the thick disk and bulge experienced much more rapid and efficient star formation, but may also be an indication of other differences related to parameters such as the initial mass function, gas inflow/outflow, and the binary fraction. Finally, in addition to the red clump stars shown in Figure 1 exhibiting a high average metallicity, relatively small metallicity dispersion, and a low velocity dispersion, these stars appear to be just as enhanced in α elements as the bulge RGB stars. We attribute the larger scatter in [Si/Fe] , [Ca/Fe] , and [α/Fe] to be due mostly to surface gravity uncertainties. Nevertheless, these are likely foreground stars located ∼2-4 kpc away, and their projected location at b=-8
• places them ∼300-600 pc below the Galactic plane. However, the typical metallicities of these stars are much higher than most of the thick disk, and the [α/Fe] enhancement suggests they do not share a similar composition with the more metal-rich thick and thin disk stars (see Figure 9 ). There is also the possibility that these stars, especially given their interesting kinematic and chemical composition properties, belong to a stellar stream, but unfortunately our current dataset is unable to test this scenario without additional observations.
Possible RGB and Red Clump Contamination
Since the bulge RGB stars analyzed here lie near the center of the Galaxy, roughly 8 kpc from the Sun, and 1 kpc below the Galactic plane, any sample that is chosen purely from a color-magnitude diagram will likely contain at least some Galactic thin disk, thick disk, and halo interlopers. We first examined the likelihood of contamination by analyzing the expected number counts from each population in a theoretical color-magnitude diagram, calculated from the Besancon model, spanning the color and luminosity range of our targets. The Besancon model returned the following population breakdown for the RGB sample: 3% young (<1 Gyr) thin disk, 33% old (>1 Gyr) thin disk, 20% thick disk, 1% halo, and 43% bulge. We also ran the simulation for the red clump stars and obtained the following distribution: 1% young thin disk, 62% old thin disk, 13% thick disk, 1% halo, and 23% bulge. While the halo can be effectively ruled out as a major contaminant, based on both the [Fe/H] distribution and Besancon model, the thin and thick disk populations require further analysis.
Figures 10-11 show our derived [Fe/H] and RV distributions compared with those predicted by the Besancon model for the young thin disk, old thin disk, thick disk, and bulge. For the RGB sample the thin disk can be mostly ruled out as a major contaminant because the velocity and metallicity dispersions are too small, the average metallicity is too high, and the majority of the Plaut stars have [α/Fe] ratios that are at least a factor of two above those observed in the thin disk (see Figure 9 ). On the other hand, the thick disk contamination is more difficult to rule out. The thick disk appears to show a similar velocity distribution, but the median [Fe/H] ratio of the Plaut field stars is ∼0.4 dex higher than in the thick disk. Additionally, the Plaut stars extend to much higher metallicities than the thick disk distribution. However, thick disk contamination at about the 10-20% level for the more metal-poor Plaut RGB stars seems reasonable, especially given that several (∼5-10) of the Plaut RGB stars with [Fe/H]<-0.5 exhibit [α/Fe] ratios that are in-line with literature thick disk giants (see Figure 9) . Interestingly, the theoretical bulge velocity distribution provided by the Besancon model fits our observed data rather well, but the [Fe/H] distribution is a poor fit. The model clearly overestimates the average bulge metallicity at b=-8
• , and instead predicts a distribution more similar to that seen at b=-4
• .
For the foreground red clump sample the Besancon model effectively rules out the thick disk and bulge, based on both the velocity and [Fe/H] distributions. Although the average [Fe/H] value for the model bulge is similar to the red clump sample, we have already shown that the model is likely a poor fit to the true bulge metallicity distribution at b=-8
• . The thin disk provides a decent fit for both the [Fe/H] and velocity distributions, but the [α/Fe] enhancements observed in the red clump stars are clearly above those observed in the thin disk (see Figure 9 ). This reinforces the need for more observations of these objects.
SUMMARY
We have determined Fe, Si, and Ca abundances for 61 stars and Fe abundances for an additional 31 stars in Plaut's low extinction window using high resolution (R≈25,000) spectra obtained with the Hydra multifiber spectrograph at CTIO. Additionally, we have derived a metallicity distribution function from 2MASS infrared and optical photometry obtained with the Swope 40 inch telescope at Las Campanas in a nearby bulge field that is in reasonable agreement with the spectroscopic results. We find that the median [Fe/H] ratio has declined by ∼0.4 dex from Baade's Window at b=-4
• , and that the b=-8
• field is part of a smoothly declining metallicity gradient. Despite a lower overall metallicity in the b=-8
• field, the full range of derived [Fe/H] abundances is nearly identical to previous studies at b=-4
• , and -12 • , with -1.5<[Fe/H]<+0.3. Furthermore, the metallicity distribution at b=-8
• is consistent with a simple model with a declining yield, due to the removal of metals by winds. The radial velocity distribution and dispersion of bulge RGB stars in the Plaut field are also in agreement with results from the BRAVA survey, and we find that the velocity dispersion decreases as a function of increasing metallicity, similar to what was found previously at b=-12
The α element enhancements are consistent with a rapid enrichment process involving massive star SNe. While the bulge RGB stars are enhanced above the level of the thin and thick disk, the difference in [α/Fe] between the bulge and thick disk is smaller and may be affected by systematic offsets. However, we find that the enhancements of Si and Ca are nearly indistinguishable from those in Baade's Window, which suggests the lack of an [α/Fe] gradient along the bulge minor axis despite the presence of a metallicity gradient.
A subset of our sample are candidate red clump stars that lie closer to the Sun, distributed along the line-of-sight toward the bulge. While our data are insufficient to assign a population membership to these stars, they exhibit some very interesting properties that warrant further investigation: (1) the stars are significantly more metal-rich (median [Fe/H]∼+0.05) than the bulge RGB sample and exhibit a rather small [Fe/H] dispersion, (2) the mean radial velocity is similar to the bulge RGB stars but the velocity dispersion is about a factor of three smaller, and (3) these stars also have enhanced [α/Fe] ratios like the bulge giants. While similar stars in bulge color-magnitude diagrams have been designated as intermediate age disk red clump stars in the past, the data suggest that their chemical composition and kinematic properties are inconsistent with belonging to either the local thin or thick disk populations. Fig. 1 .-Color-magnitude diagram of Plaut's window taken from the 2MASS database (filled black circles). The two panels indicate the stars chosen for observation in this program. The filled red circles in both panels indicate probable RGB stars belonging to the bulge population, and the filled cyan circles indicate probable foreground red clump stars. In the left panel the dashed green line indicates the approximate color cutoff used to separate the RGB and clump populations (see text for details). Figure 2 , but the spectra shown here are from the foreground red clump sample (T eff ≈4900 K). The left panels compare the metallicity distribution functions of Zoccali et al. (2008) to our combined spectroscopic data at b=-8
• and b=-8.5
• . The right panels show the spectroscopic metallicity distribution functions for our two fields. The dotted blue line shows the result of a one-zone, simple model calculation with a yield of z=0.0105. Note that the area under the model curve has been scaled to equal the area under the data histogram. • , -6
• , -8
• . The b=-8
• data are from this study (0.5 dex [Fe/H] bins), and the other fields were taken from Babusiaux et al. (2010; 0.4 
dex bins). In the b=-8
• panel the filled black circles represent the radial velocity dispersion when the full sample is taken into account, and the filled red squares represent the radial velocity dispersion when only the RGB stars are used. The histograms in the right panels illustrate the radial velocity distribution at b=-8
• with the full sample (top panel), the RGB stars only (middle panel), and the foreground red clump stars only (bottom panel) in 10 km s −1 bins. The b=-4
• data are from Fulbright et al. (2007; AODFNEW only) , and the thick/thin disk giant data are from Alves-Brito et al. (2010; Kurucz model atmospheres) . The right panels show least squares fits to the literature thin and thick disk data for both giants (solid lines) and dwarfs (dotted lines). The dwarf data were compiled from Fulbright et al. 2000 , Bensby et al. (2003 , and Reddy et al. (2003; 2006) . 
